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Effect of Export, Environmental and Soil Conservancy Measures 
on Productivity, Land Use and Income of Iowa1 * 
EARL 0. HEADY 2 
H EADY , EARL 0. (Department of Economics, Iowa State University , Ames, 
Iowa 500 11 ). Effect of export , environmental and soil conservancy measures on 
productiv ity, land use and income of Iowa. Proc. Iowa Acad. Sci. 84(3): 
163- 167, 1977. 
A national model was constructed to evalute the Iowa conservancy law as it 
might affect environmental quality, land productiv ity, export potentials and 
income of the Iowa and national farm sectors. The mathematical model analyzed 
12 land classes in each of 12 Iowa agroclimatic regions and in I 05 natural 
agroclimatic regions. Alternat ives analyzed included limiting annual soil loss 
Several goals revolving around food production a nd e xports, 
resource conservation and environmental quality have come to the 
forefront in recent years . A burst in world demand has caused large 
exports to be favored by farmers s ince their incomes have increased 
accordingly. Persons and groups of humanitarian concern a lso have 
favored greater production and exports to help lessen the world 's 
hunger and malnutrition . These goals are , however , somewhat in 
conflict with other publicly expressed goals such as soil conservation 
and environmental improvement or maintenance. T he practice of 
" fence row to fence row" production is conducive to increased soil 
erosion while intensified use of chemicals to ra ise per ac re yie lds 
generates res iduals to be fed into streams. 
Io wa serves an important role in this complex of goals because it 
produces a large portion of the food output and has productive land 
resources for doing so . However , Iowa also has a Conservancy District 
Law creating six conservancy distric ts. Potentially to help protect the 
land and prevent environmental degradation, the Iowa Act establ ishes 
the intent to encourage, promote and mandate conserva tion and proper 
contro l of Iowa soil and water resources. It established max imum limits 
on soil loss at one to five tons per acre . 
To de te rmine the impact on agri cultu ra l production , soil loss 
preventio n , fa rm income and resource prices, we co mpl eted a 
large-scale study which supposes that Iowa complete ly implements its 
So il Conservancy Act while other states do not. The study was made in 
a national model and context so that the market impact on both Iowa and 
the rest of the nation could be evaluated. We examined the effects when 
soil loss per acre per year was set at two diffe rent levels, 5 tons and 2 .5 
tons per acre . We also examined cases in which nit rogen fertili zer and 
pestic ides were restricted in use in Iowa but not e lsewhere in the nation. 
Mostly, we were concerned with how the pa tte rn of land use, 
prod uctivi ty and income of Iowa woul d be affec ted und er these 
conditions . In recent years , Iowa produced about 20 percent of the 
nation's corn and simil arly large proportions of the nation's soybeans, 
pork and fed beef. Obviously, then, tight environmental control s in Iowa 
could have heavy impacts on national supplies and prices and the 
distribution of farm income and asset values among states and locations. 
' Journal Paper No . 8864 of the Iowa Agricul tural and Home Econom ics 
Experiment Station. Project No. 2106 . 
'Department of Economics, Iowa State Uni versity. Ames. IA 500 11. This 
paper is based on one given at a symposium, " The food chain in Iowa." held at 
the 1977 Academy meeting at Drake Uni versity. 
per acre to 2.5 and 5 tons, reduction of chemical nitrogen and shi ft of pesticides 
to organophosphates and carbamates in Iowa while parallel adjustments are not 
made in the rest of the nation' s agriculture. Exports at various levels are 
evaluated. While full implementation of Iowa's conservancy law apart from the 
nation would mai ntain land producti vity in the state , farm income would decline 
in Iowa but increase elsewhere, with increased exports, Iowa would gain in fa rm 
income but by a smaller proportion than the rest of the nat ion. 
INDEX D ESCRIPTORS: resource productivi ty, environment , eros ion, 
exports. 
MEfHODUSED 
T he study was made by mea ns of a la rge-scale mathematical 
programming model applied to a ll major resource and commodity 
producing regions of the United States. The model was specified to 
conform wi th , and validated repeatedly against , the real world . Exte nsive 
explanations of these real world specifications and validations are 
ava ilable elsewhere [ I , 2, 7]. 
Iowa was d ivided into 12 conservancy-producing areas shown in 
Figure I . The 12 conservancy-producing areas are a modification of the 
figu re l. Th e 12 conae rvanc y -produclng area1 In ICNa . 
orig inal 6 conservancy districts si nce data are more nearly ava il able in 
county aggregatio ns. Eac h so il group or assoc ia tion in eac h of 
conservancy-producing areas was mainta ined as a separate enti ty as the 
analys is was appl ied. The model se lected the cropping systems and 
conservation practices which cause the so il loss or chemical restric tion to 
be met , w ith profits otherwise max im ized in each of these soil areas 
within a conservancy-producing area. 
The rest of the U .S . was divided into the production areas shown in 
Figure 2 and an average of 9 soil resource groups were differentiated in 
each . T his deta il was needed to de te rmine which regions of o ther states 
would pic k up the production sacrificed in particular so il areas as 
envi ronmental restraints are applied at diffe rent levels of individual 
conservancy di stricts in Iowa. The model caused every region and every 
land resource group in each region to be interdependent for the analysis. 
The U .S. was separated into 29 market regions (Figure 3) and also 
considered 35 separate water supply regions in the Weste rn states. The 
deta il s on the mathematical model are supplied elsewhere [4] . 
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r l g u r e  2 .  T h e  1 0 2  p r o d u c i n g  a r e a s  f o r  t h e  r e s t  o (  t h e  U . S .  
F i g u r e  J .  T h e  2 9  c o n 1 U 1 1 1 . i n g  n g i o n a .  
C r o p  r o t a t i o n s  u s e d  i n  e a c h  p r o d u c i n g  a r e a  w e r e  d e t e r m i n e d  b y  
c o m b i n i n g  t h e  r o t a t i o n s  r e c o m m e n d e d  b y  t h e  S o i l  C o n s e t v a t i o n  S e i v i c e  
i n  e a c h  o f  t h e  L a n d  R e s o u r c e  A r e a s  [  4 ] .  S o i l  l o s s  w a s  c a l c u l a t e d  f r o m  t h e  
U n i v e r s a l  S o i l  L o s s  E q u a t i o n  o f  W i s c h m e i e r  a n d  S m i t h  [  1 0 ]  a n d  t h e  d a t a  
o b t a i n e d  f r o m  t h e  r e g i o n a l  s p e c i a l i s t s  o f  t h e  S o i l  C o n s e i v a t i o n  S e i v i c e  [  6 ,  
7 ] .  F o u r  c o n s e i v a t i o n  p r a c t i c e s ,  n a m e l y ,  s t r a i g h t  r o w  c u l t i v a t i o n ,  
c o n t o u r i n g ,  s t r i p  c r o p p i n g  a n d  t e r r a c i n g  a r e  c o n s i d e r e d .  E a c h  
c o n s e i v a t i o n  p r a c t i c e  w a s  a s s o c i a t e d  w i t h  t h r e e  t y p e s  o f  t i l l a g e  p r a c t i c e s :  
c o n v e n t i o n a l  t i l l a g e ,  r e s i d u e  m a n a g e m e n t  a n d  r e d u c e d  t i l l a g e .  E a c h  o f  
t h e s e  c o m b i n a t i o n s  w a s  d e f i n e d  o n  a l l  t h e  l a n d  c l a s s e s  w h e r e v e r  t h e  d a t a  
w e r e  a v a i l a b l e .  E a c h  r o t a t i o n  c o m b i n e d  w i t h  s p e c i f i c  c o n s e t v a t i o n  
p r a c t i c e  a n d  t i l l a g e  p r a c t i c e  d e f i n e d  a  u n i q u e  c r o p  m a n a g e m e n t  s y s t e m .  
A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  m e t h o d o l o g y  u s e d  a n d  t h e  a s s u m p t i o n s  
m a d e  i s  g i v e n  e l s e w h e r e  [ 5 ] .  
A l t e r n a t i v e s  a n a l y z e d  b y  t h e  m o d e l  
T h e  m o d e l  w a s  u s e d  t o  a n a l y z e  7  a l t e r n a t i v e s  i n  p o s s i b i l i t i e s  o f  s o i l  l o s s  
a n d  e n v i r o n m e n t a l  l i m i t s  a p p l i e d  i n  I o w a .  A l l  r e s u l t s  r e f e r  t o  1 9 8 5 ,  a n d  
p e r  c a p i t a  i n c o m e s ,  e s t i m a t e d  b y  t h e  B u r e a u  o f  E c o n o m i c  A n a l y s i s  [ 9 ] .  
T h e  7  a l t e r n a t i v e s  a n a l y z e d  b y  t h e  m o d e l  a r e  s u m m a r i z e d  i n  T a b l e  I .  
U n d e r  a l t e r n a t i v e  A ,  t h e  b e n c h m a r k  c a s e  f o r  c o m p a r i s o n ,  n o  r e s t r i c t i o n s  
o n  s o i l  l o s s  o r  c h e m i c a l  a p p l i c a t i o n s  w e r e  a p p l i e d  t o  a n y  s o i l  a r e a  i n  I o w a  
a n d  e x p o r t s  w e r e  a t  n o r m a l  l e v e l s .  N o r m a l  l e v e l s  o f  e x p o r t s  u s e d  w e r e  6 2 6  
b i l l i o n  b u s h e l s  o f  c o m ,  6 5 9  b i l l i o n  b u s h e l s  o f  w h e a t ,  2 7 6  m i l l i o n  b u s h e l s  
o f  s o y b e a n s  a n d  3 . 3  m i l l i o n  b a l e s  o f  c o t t o n  i n  1 9 8 5 .  H i g h  1 9 8 5  e x p o r t  
l e v e l s  w e r e  2 , 6 1 0  b i l l i o n  b u s h e l s  o f  c o m ,  1 , 2 0 0  b i l l i o n  b u s h e l s  o f  w h e a t ,  
3 5 0  m i l l i o n  b u s h e l s  o f  s o y b e a n s  a n d  1 3  m i l l i o n  b a l e s  o f  c o t t o n .  
T a b l e  I .  T h e  s e v e n  a l t e r n a t i v e s  f o r  1 9 8 5  c o m p a r i n g  I o w a  a n d  t h e  r e s t  
o f  t h e  n a t i o n  b y  m e a n s  o f  t h e  N a t i o n a l  P r o g r a m m i n g  M o d e l .  
S o i l  l o s s  N i t r o g e n  P e s t i c i d e s  
p e r  a c r e  
l i m i t  l i m i t  
a l l o w e d  i n  
i n  I o w a ,  i n  E x p o r t  
A l t e r n a t i v e  
I o w a  I b s . / a c r e  I o w a  l e v e l  
A  n o  r e s t r i c t i o n  
n o n e  n o n e  n o r m a l  
B '  5  t o n s  n o n e  n o n e  
n o r m a l  
8 2  
2 . 5  t o n s  
n o n e  n o n e  n o r m a l  
D  
5  t o n s  1 0 0  n o n e  
n o r m a l  
E  5  t o n s  1 0 0  
m i n i m u m  n o r m a l  
C  
5  t o n s  1 0 0  
n o n e  h i g h  
F  
5  t o n s  1 0 0  
m i n i m u m  h i g h  
T h e  a c r e a g e  a v a i l a b l e  b y  e a c h  l a n d  c l a s s  i n  I o w a  a n d  t h e  r e s t  o f  t h e  
n a t i o n  w a s  d e t e r m i n e d  f r o m  t h e  N a t i o n a l  I n v e n t o r y  o f  t h e  S o i l  C o n s e r -
v a t i o n  S e r v i c e  [ 8 ]  w a s  g r o u p e d  i n t o  t h e  9  l a n d  c l a s s e s  s h o w n  i n  T a b l e  2 .  
T a b l e  2 .  L a n d  c l a s s e s  a n d  s u b c l a s s e s  a g g r e g a t e d  i n t o  n i n e  l a n d  
g r o u p s a  
L a n d  g r o u p s  
I  
2  
3  
4  
5  
6  
7  
8  
9  
I n v e n t o r y  c l a s s - s u b c l a s s  
I  
I I E  
I I S ,  I I C ,  I I W  
I I I E  
I I I S ,  I I I C ,  I I I W  
I V E  
I V S ,  I V C ,  I V W  
a l l  o f  V  
a l l  o f  V I ,  V I I  a n d  V I I I  
a l n v e n t o r y  c l a s s e s  a n d  s u b c l a s s e s  a r e  a s  d e f i n e d  b y  t h e  S o i l  C o n s e r v a t i o n  
S e r v i c e  f o r  t h e  N a t i o n a l  I n v e n t o r y  ( 5 ) .  
A l t e r n a t i v e  B I  s u p p o s e d  t h a t  I o w a  i m p o s e s  a  s o i l  l o s s  u p p e r  l i m i t  o f  5  
t o n s  p e r  a c r e  p e r  y e a r  i n  e a c h  s o i l  a r e a  u n d e r  n o r m a l  e x p o r t s .  M o d e l  8 2  
r e d u c e d  t h e  a l l o w a b l e  s o i l  l o s s  u n d e r  n o r m a l  e x p o r t s  t o  2 . 5  t o n s .  I n  
A l t e r n a t i v e s  D  a n d  E ,  s o i l  l o s s  w a s  s e t  a t  5  t o n s  a n d  a t  n o r m a l  e x p o r t  
l e v e l s .  H o w e v e r ,  i n  m o d e l  D ,  c h e m i c a l  n i t r o g e n  p e r  a c r e  w a s  l i m i t e d  t o  
1 0 0  p o u n d s .  U n d e r  E ,  i n  a d d i t i o n  t o  t h i s  1 0 0  p o u n d  l i m i t ,  p e s t i c i d e s  
w e r e  l i m i t e d  t o  o r g a n o p h o s p h a t e s  a n d  c a r b a m a t e s .  M o d e l  C  a n d  F  w e r e  
t h e  s a m e  a s  D  a n d  E  r e s p e c t i v e l y ,  e x c e p t  t h a t  e x p o r t s  w e r e  a t  t h e  h i g h  
l e v e l  f o r  C  a n d  F .  T h e  c o m p u t e d  p r o g r a m m i n g  o r  s u p p l y  p r i c e  l e v e l s  
w h i c h  r e s u l t  i n  s o l u t i o n  o f  t h e  s e v e r a l  a l t e r n a t i v e s  a r e  s u m m a r i z e d  i n  
T a b l e  5 .  A s  e x p e r i e n c e d  r e c e n t l y ,  p r i c e s  w e r e  m u c h  g r e a t e r  u n d e r  h i g h  
t h a n  u n d e r  n o r m a l  e x p o r t  l e v e l s .  
L A N D  U S E  A N D  C R O P  C H A N G E S  I N  I O W A  
W i t h  t h e  a b s e n c e  o f  s o i l  l o s s  r e s t r i c t i o n s ,  A l t e r n a t i v e  A ,  a b o u t  1 . 7 5  
b i l l i o n  t o n s  o f  s o i l  w o u l d  b e  c a r r i e d  f r o m  t h e  c u l t i v a t e d  l a n d s  i n  t h e  
c o u n t r y .  T h e  t o t a l  s o i l  l o s s  i n  I o w a  w o u l d  b e  3 6 2  m i l l i o n  t o n s .  A b o u t  8 5  
p e r c e n t  o f  I o w a ' s  c r o p p e d  a r e a  w o u l d  b e  g r o w n  w i t h  s t r a i g h t  r o w s ,  a n d  
s o i l  e r o s i o n  w o u l d  b e  e x c e s s i v e .  
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AG RI CULTURAL ECONOMICS IN low A 165 
Land use patterns 
Under Alternative A, production of crops would be shifted to areas 
where the greatest comparative advantage exists for any given crop , 
sati sfy ing the demand and upper and lower production bounds. As soil 
loss restrictions were imposed under Alternative BI , farmers would have 
to move to farming practices which result in less erosion. Some areas in 
Iowa would be take n out of production and compensated by greater 
production in other U.S. regions . As the fa rming prac tices were changed 
under BI and the 5 ton soil loss limit , yield rates in Iowa would increase, 
as would production costs . With the imposition of the 5 ton limit , 
Alternative BI , the production of row crops would decrease by 250 
thousand acres and close grown crops would increase by 27 thousand 
ac res. Owing to changed farming prac tices , corn yields would increase 
slightly (from 114.3 bushels per ac re to 11 6 .1 bushe ls per acre) and 
soybeans(from 38 .3 bushels per acre to 39.6 bushels per ac re , Table 3). 
Table 3. Acreage, yield and production of major crops in Io wa under 
the seven alternatives (bmillion acres and bushels). 
Alternative 
Item A Bl B2 D E C F 
Corn: 
Acreage 10.2 10. 0 10.9 11. 3 10.0 20. 1 17 .6 
Yielda 11 4.3 11 6. 1 11 8.9 11 6.0 11 3.0 114.6 110.7 
Production 1, 172 1, 162 1,306 1,3 14 1, 154 2,309 1,954 
Soybeans: 
Acreage 7.0 6.9 7. 1 6.4 6.9 4.2 6.8 
Yielda 38.3 39 .6 40.6 39.7 39.6 39.8 40.2 
Production 127 129 136 120 129 80 129 
3Bushel per acre . 
Under BI , all forms of conservation practices would be used (Table 
4). Io wa farmers would move to conventional tillage contouring, then 
to conventional tillage-strip cropping and terracing and finally to 
reduced tillage-contouring. Under Alternative A, 87 percent of the land 
in Classes I and II would be under conventional tillage prac tices. Thi s 
would decrease to about 56 percent under Alternative B I . The 
di stribution of more erosive lands (Classes III E and I YE) would be 
more significant . The proportion of land in these land classes farmed 
under straight row practices would decrease from 82 percent under 
Alternative A to less than 46 percent under BI . About 19 percent of the 
acreage in these land classes would be farmed under conventional 
tillage-strip crop and terrac ing prac tices under Alternative BI as 
compared to none under Alternative A . With shi fts in production 
pattern s and farming practices, soil loss in Iowa would decline from 
Table 4 . Acres under conservation practices in Io wa under seven 
alternatives (000). 
Alternative 
A Bl B2 D E C F 
Conventional tillage: 
Straight row 23 ,232 10 ,554 4 ,487 8,647 11 ,848 6,9 17 8,553 
Contour 2 15 2,288 4 , 156 4,499 2,288 353 2,048 
Strip crop 
and terrace 4,085 7,098 4,301 4 ,068 7,687 4 ,264 
Reduced tillage: 
Straight row 3,064 6, 111 4 ,236 1,993 4 ,834 7,680 4,192 
Contour only 0 3,294 3,254 3, 171 3,294 3,343 4 ,988 
Strip crop 
and terrace 697 697 3,609 4 ,053 667 1,939 3,979 
362 million tons per year under the unrestricted soil loss Alternative A 
to less than 108 million tons under BI . The most important decrease 
would occur on Classes IIIE and IV E. 
Under Alternative 82, the maximum per acre soil loss was reduced to 
2.5 tons from 5 tons , as in Alternative BI . As a result , marked changes 
occurred in production patterns and farming practices, result ing in 
reduced quantities of annual soil erosion. 
Under conditions of 8 2, gross soil loss in Iowa would be about 362 
million tons per year , a decrease of 60 million tons from the fi ve ton 
alternative . The reduction of soil lost in Iowa would be more than offset 
by increases in the rest of the country as crop production is intensified 
there . 
Reduction in allowable soil loss per acre from 5 tons to 2.5 tons 
shifted farming practices to more soil conserving practices such as 
contouring, strip cropping and terrac ing (Table 4). Under the 5 ton 
alternative , about 17 million acres were under straight row farming, 
accounting for about 62 percent of the total land under crops. This was 
reduced to 8. 7 million acres under Alternative 8 2, accounting fo r only 
32 percent of the total cropped area and soil loss dec lined from 50 
million tons per year to 32 million tons from straight row farming alone. 
The most significant change in farming practices would be in strip crop 
and terracing with an increase of 6 million acres (an increase of about 
124 percent compared to the 5 ton alternative). 
Land under Classes I and II contributed about 62 percent of gross soil 
loss from the agricultural lands of Io wa, compared to 69 percent under 
Model BI and 33 percent under Model A. But , the gross soil loss from 
these land classes would decrease from 75 million tons (Model BI ) to 
under 39 million tons (Model 8 2) per year. A more significant change 
in farming practices would be on more erosive land classes, III E and 
IVE, where the total area under reduced till age practices would 
increase from 2 million acres under Model BI to 3 million acres under 
Model 82 . 
LAND USE AND ENVIRONM ENTAL 
RESTRICTIONS IN IOWA 
Chemical fertilizers and livestock wastes providing nit rogen fo r 
crops were restricted in Alternative D. The crop sector was forced to 
use the livestock wastes as a source of nitrogen. Farmers were free to 
use rotations with soybeans and legume hay to augment the nitrogen 
supply to the crops. Farmers also were free to purchase nitrogen 
fertilizers to supplement the nitrogen supply after using the livestock 
wastes as a source of this nutrient. In Alternatives D and E, the quantity 
of chemical nitrogen was restricted to a maximum of 100 lbs. per acre . 
With restricted nitrogen fertili zer use and a 5 ton soil loss in Alterna-
tives D and E, total cropped acreage in Iowa would decrease by 542 
thousand acres. Most com would be grown in rotation with legumes 
and yield decreases would be significant. Part of the yield decrease 
resulting from fe rtilizer use limitations in D would be compensated by 
better farming practices in 8 2. About 80 percent of corn under Model D 
is grown under contouring , strip cropping and terrac ing . 
EFFECTS UNDER HIGH EXPORT L EVELS 
In previous sections, the export levels used were those of 1969-72 . 
The U.S . had surplus producing capacity under these export levels and 
would do so again in 1985. Hence, we now turn to comparisons where 
1985 exports are set at higher levels - foll owing recent experiences. 
The first high export alternative , C. had a 5 ton maximum annual 
allo wable soil loss for each soil in Iowa . The second alternative, F, also 
had restrictions in the use of nitrogen and pestic ides. 
There would be significant shifts in Iowa farming practices under 
Alternative C with very high export levels and environmental restraints 
3
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i n  I o w a  a l o n e .  T h e s e  s h i f t s  w o u l d  b e  m a i n l y  t o w a r d s  s t r i p  c r o p p i n g  a n d  
t e r r a c i n g .  T h e  c o m b i n e d  r e a s o n  w o u l d  b e  t h e  r e d u c e d  s o i l  l o s s  p e r  a c r e  
a n d  h i g h e r  y i e l d  r a t e s  u n d e r  t h e s e  p r a c t i c e s .  W i t h  h i g h  e x p o r t  l e v e l s ,  
t h e  a g r i c u l t u r a l  s e c t o r  w o u l d  p r o d u c e  m o r e  w i t h  t h e  g i v e n  s u p p l y  o f  
l a n d  t o  m e e t  t h e  h i g h e r  d e m a n d  r e q u i r e m e n t s ,  e v e n  w i t h  h i g h e r  c o s t s .  
T o t a l  a r e a  u n d e r  s t r a i g h t  r o w  p r a c t i c e s  d e c r e a s e d  t o  1 4 . 6  m i l l i o n  a c r e s  
c o m p a r e d  t o  2 6  m i l l i o n  a c r e s  u n d e r  A l t e r n a t i v e  A .  T h e  r e s t r i c t i o n  o f  a  5  
t o n  m a x i m u m  s o i l  l o s s  c o u l d  h a v e  b e e n  s a t i s f i e d  w i t h  m o r e  a r e a  u n d e r  
s t r a i g h t  r o w  f a r m i n g ,  a s  e v i d e n c e d  u n d e r  A l t e r n a t i v e  B I .  B u t ,  t h e  n e e d  
t o  p r o d u c e  m o r e  w o u l d  s h i f t  l a n d  t o  s t r i p  c r o p p i n g  a n d  t e r r a c i n g .  T h e  
r e l a t i v e l y  l e s s  p r o d u c t i v e  L a n d  C l a s s e s  I I I E  a n d  I V E  w o u l d  s h i f t  
t o w a r d s  s t r i p  c r o p p i n g .  A b o u t  I O  p e r c e n t  o f  t h e  a r e a  i n  t h e s e  l a n d  
c l a s s e s  w o u l d  b e  u n d e r  s t r i p  c r o p p i n g  a n d  t e r r a c i n g  u n d e r  A l t e r n a t i v e  A  
a n d  3 8  p e r c e n t  u n d e r  A l t e r n a t i v e  B I ;  w h e r e a s  t h i s  p r o p o r t i o n  i n c r e a s e s  
t o  a b o u t  8 9  p e r c e n t  u n d e r  M o d e l  C .  
T h e  t o t a l  s o i l  l o s s  f r o m  I o w a  w o u l d  b e  1 0 8 . 2 5  m i l l i o n  t o n s  u n d e r  
A l t e r n a t i v e  C ,  m o r e  t h a n  t h a t  u n d e r  A l t e r n a t i v e  B I .  B u t  A l t e r n a t i v e  C  
h a s  a  h i g h e r  l a n d  b a s e  a n d  t h e  a v e r a g e  s o i l  l o s s  p e r  a c r e  i s  o n l y  3 .  8 7  t o n s  
p e r  a c r e ,  c o m p a r e d  t o  3 . 9 8  t o n s  p e r  a c r e  u n d e r  A l t e r n a t i v e  B I  a n d  
1 3 .  3 0  t o n s  p e r  a c r e  u n d e r  A .  
A l t e r n a t i v e  F  w a s  s i m i l a r  t o  E ,  e x c e p t  f o r  t h e  d e m a n d  a n d  e x p o r t  
l e v e l s .  T h e  e x p o r t  a n d  t h e  d o m e s t i c  c o n s u m p t i o n  l e v e l s  f o r  F  w e r e  t h e  
s a m e  a s  t h o s e  o f  M o d e l  C .  T h e  u s e  o f  n i t r o g e n  w a s  r e s t r i c t e d  t o  a  
m a x i m u m  o f  I  0 0  l b s .  a n d  t h e  u s e  o f  c h e m i c a l  p e s t i c i d e s  w a s  l i m i t e d  t o  
o r g a n o p h o s p h a t e s  a n d  c a r b o m a t e s .  T h e  y i e l d s  a n d  t h e  i n t e r a c t i o n  c o -
e f f i c i e n t s  o f  t h e  c r o p  m a n a g e m e n t  s y s t e m s  w i t h  t h e  n i t r o g e n  b a l a n c e  
e q u a t i o n  w e r e  a d j u s t e d  a c c o r d i n g l y .  
T h e  t o t a l  a r e a  u n d e r  s t r a i g h t  r o w  f a r m i n g  i n  I o w a  d e c r e a s e d  b y  I .  9  
m i l l i o n  a c r e s  u n d e r  A l t e r n a t i v e  F  f r o m  1 4 . 6  m i l l i o n  a c r e s  u n d e r  A l t e r -
n a t i v e  C  ( T a b l e  4 )  w h i l e  t h e  a r e a  u n d e r  c o n t o u r i n g  i n c r e a s e d  t o  7  
m i l l i o n  a c r e s  u n d e r  F .  
L a r g e  a m o u n t s  o f  n i t r o g e n  f e r t i l i z e r  w o u l d  b e  r e q u i r e d  t o  a c h i e v e  t h e  
h i g h  d e m a n d  a n d  e x p o r t  l e v e l s  o f  C  a n d  F  a l t e r n a t i v e s .  T h e  u s e  o f  
n i t r o g e n  u n d e r  A l t e r n a t i v e  C  w o u l d  b e  m o r e  t h a n  t w i c e  t h e  u s e  u n d e r  
A l t e r n a t i v e  A  w h e r e  t h e  n a t i o n  h a s  s u r p l u s  c a p a c i t y .  I n  C ,  t h e  u s e  o f  
n i t r o g e n  w a s  n o t  r e s t r i c t e d .  A s  a  r e s u l t ,  t h e  u s e  o f  n i t r o g e n  f o r  a l l  c r o p s  
i n c r e a s e d  t o  1 , 4 4 9  t h o u s a n d  t o n s ,  c o m p a r e d  t o  o n l y  7 1 1 . 5  t h o u s a n d  
t o n s  u n d e r  A .  M o r e o v e r ,  d u e  t o  i n c r e a s e s  i n  g r a i n  p r i c e s  b r o u g h t  a b o u t  
b y  e x p a n d e d  e x p o r t s  a n d  r e d u c e d  l i v e s t o c k  p r o d u c t i o n ,  t h e  d e m a n d  f o r  
l i v e s t o c k  p r o d u c t s  d e c r e a s e d  u n d e r  A l t e r n a t i v e  C .  T h u s ,  l e s s  n i t r o g e n  
w a s  o b t a i n e d  f r o m  l i v e s t o c k  w a s t e s .  T h e  q u a n t i t y  o f  n i t r o g e n  f r o m  
c h e m i c a l  f e r t i l i z e r s  i n c r e a s e d  s u b s t a n t i a l l y ,  t o  1 , 3 1 2  t h o u s a n d  t o n s  
u n d e r  A l t e r n a t i v e  C ,  a n  i n c r e a s e  o f  a b o u t  2 6  p e r c e n t  o v e r  A l t e r n a t i v e  
A .  N i t r o g e n  a p p l i e d  p e r  a c r e  w o u l d  b e  a b o u t  t w i c e  a s  m u c h  u n d e r  C  a s  
c o m p a r e d  t o  A .  
U n d e r  M o d e l  F ,  w i t h  n i t r o g e n  r e s t r i c t e d  t o  1 0 0  l b s .  p e r  a c r e ,  t h e  t o t a l  
q u a n t i t y  u s e d  w o u l d  d e c r e a s e  t o  1 , 0 8 3  t h o u s a n d  t o n s  i n  I o w a ,  a  r e d u c -
t i o n  o f  2 5  p e r c e n t  c o m p a r e d  t o  A l t e r n a t i v e  C .  H o w e v e r ,  t h i s  q u a n t i t y  
w o u l d  b e  s u b s t a n t i a l l y  h i g h e r  t h a n  u n d e r  A l t e r n a t i v e  A  w i t h  i t s  l o w e r  
e x p o r t s .  
I n c r e a s e d  e x p o r t  d e m a n d s  p u t  p r e s s u r e  o n  t h e  l a n d  r e s o u r c e  i n  I o w a  
a n d  i n  t h e  r e s t  o f  t h e  c o u n t r y  a s  r e f l e c t e d  i n  t h e  l a n d  r e n t a l  v a l u e s  
( s h a d o w  p r i c e s ) .  T h e  s h a d o w  o r  r e n t a l  p r i c e  o f  l a n d  i n  I o w a  w o u l d  
i n c r e a s e  t o  $ 1 7 5 . 8 1  p e r  a c r e  u n d e r C  a n d  t o  $ 1 7 7  . 9 5  u n d e r  F ,  c o m p a r e d  
t o  o n l y  $ 3 8 . 6 1  u n d e r  A ,  v e r y  l a r g e  i n c r e a s e s  i n  C  a n d  F  o v e r  A .  T h e  
i n c r e a s e  i n  r e n t a l  o r  s h a d o w  p r i c e s  o f  l a n d  u n d e r  A l t e r n a t i v e  F  c o u l d  b e  
a t t r i b u t e d  t o  t h e  i n c r e a s e d  u s e  o f  l a n d  r e q u i r e d  t o  c o m p e n s a t e  f o r  t h e  
r e d u c t i o n  i n  y i e l d  r a t e s  b r o u g h t  a b o u t  b y  l i m i t e d  u s e  o f  n i t r o g e n  
f e r t i l i z e r  a n d  p e s t i c i d e s .  
I N C O M E  E X P E N D I T U R E  A N D  R E L A T E D  E F F E C T S  
T h e  s e v e n  a l t e r n a t i v e s  i n  p r o d u c t i o n ,  s o i l  c o n s e r v a t i o n ,  e n v i r o n m e n -
t a l  p r a c t i c e s  a n d  e x p o r t s  h a d  c o n s i d e r a b l e  i m p a c t s  o n  n a t i o n a l  f a r m  
p r i c e s  a n d  i n c o m e .  N a t i o n a l l y ,  e x p o r t  l e v e l  w a s  t h e  c r u c i a l  v a r i a b l e .  
U n d e r  A l t e r n a t i v e s  A ,  B I ,  8 2 ,  D  a n d  E ,  d e m a n d  f o r  U . S .  f o o d  w a s  l e s s  
b e c a u s e  e x p o r t s  a r e  a t  1 9 6 9 - 7 2  l e v e l s  w h e n  t h e  U . S .  h a d  t o  s u b s i d i z e  a  
l a r g e  a m o u n t  o f  i t s  e x p o r t s  e v e n  t h o u g h  f o r e i g n  s a l e s  w e r e  m u c h  l o w e r  
t h a n  i n  t h e  1 9 7 2 - 7 4  p e r i o d .  H e n c e ,  i f  U . S .  a g r i c u l t u r e  w e r e  t o  o p e r a t e  
u n d e r  1 9 6 9 - 7 2  e x p o r t  l e v e l s  i n  1 9 8 5 ,  w i t h  s o m e  i m p r o v e m e n t  i n  
t e c h n o l o g y ,  t h e  n a t i o n  w o u l d  a g a i n  p r o d u c e  l a r g e  a m o u n t s  o f  g r a i n  
r e l a t i v e  t o  d e m a n d  a n d  s u r p l u s e s  a g a i n  w o u l d  p r e v a i l .  H e n c e ,  p r i c e s  f o r  
c o m ,  w h e a t  a n d  s o y b e a n s  w o u l d  b e  a t  o n l y  m o d e s t  l e v e l s  f o r  A l t e r n a -
t i v e s  A ,  B I ,  8 2 ,  D  a n d  E  ( T a b l e  5 ) .  U n d e r  t h e  h i g h  e x p o r t  l e v e l s  o f  
A l t e r n a t i v e s  C  a n d  F ,  g r a i n  a n d  o t h e r  f a r m  c o m m o d i t y  p r i c e s  w o u l d  b e  
m u c h  h i g h e r .  U n d e r  t h e  h i g h e r  e x p o r t  l e v e l s  f o r  C  a n d  F ,  U . S .  l i v e s t o c k  
p r o d u c t i o n  w o u l d  b e  c u r t a i l e d .  T h e  h i g h  l e v e l s  o f  g r a i n  e x p o r t s  ( e s p e -
c i a l l y  f e e d  g r a i n s )  c o u l d  b e  a t t a i n e d  o n l y  i f  a l l  c r o p l a n d  w e r e  f u l l y  
u t i l i z e d ,  s o m e  l e s s  b e e f  a n d  p o r k  w e r e  p r o d u c e d  i n  t h e  U . S .  a n d  a  l a r g e  
s u b s t i t u t i o n  o f  c o m  s i l a g e  f o r  c o m  g r a i n  w e r e  m a d e  i n  c a t t l e  f a t t e n i n g .  
( T h e  p r i c e s  i n  T a b l e  5  a r e  i n  1 9 7 0  d o l l a r  v a l u e s .  I n f l a t e d  t o  1 9 7 5  d o l l a r  
v a l u e s ,  t h e y  w o u l d  b e  c o n s i d e r a b l y  h i g h e r ) .  
T a b l e  5 .  E q u i l i b r i u m  N a t i o n a l  P r o g r a m m i n g  o r  s u p p l y  p r i c e s  f o r  
m a j o r  c o m m o d i t i e s  u n d e r  t h e  s e v e r a l  m o d e l s  ( d o l l a r s  p e r  
u n i t ) .  
A l t e r n a t i v e  
C o m m o d i t . ) '  A  B l  
8 2  
D  E  C  F  
C o r n  ( b u . )  I . I  I  
1 . 1 0  
1 . 0 8  I .  12  I .  1 2  2 . 5 1  2 . 7 3  
W h e a t  ( b u . )  1 . 1 7  1 . 1 6  1 . 1 4  1 . 1 6  1 . 1 6  3 . 0 2  3 . 1 3  
S o : r b e a n s  (b u . )  
3 . 7 0  
3 . 6 6  
3 . 5 4  
3 . 7 7  3 . 6 7  9 . 5 3  8 . 6 0  
F a r m i n g  p r o f i t a b i l i t y  
T h e  i m p o s i t i o n  o f  s o i l  l o s s  l i m i t s  w o u l d  m a k e  f a r m i n g  i n  I o w a  l e s s  
p r o f i t a b l e  r e l a t i v e  t o  t h e  r e s t  o f  t h e  c o u n t r y  ( s e e  T a b l e  6 ) .  N e t  f a r m  
i n c o m e  i n  I o w a  d e c r e a s e d  w i t h  t h e  i m p o s i t i o n  o f  s o i l  l o s s  r e s t r i c t i o n s ,  
f r o m  $ 2 , 0 1 9  m i l l i o n  u n d e r  A  w i t h  n o  s o i l  l o s s  r e s t r i c t i o n s  t o  $ 1 , 8 9 0  
m i l l i o n  w i t h  t h e  i m p o s i t i o n  o f  a  2 . 5  t o n  r e s t r i c t i o n .  A t  t h e  s a m e  t i m e ,  
i n c o m e  i n c r e a s e d  i n  t h e  r e s t  o f  t h e  c o u n t r y .  A s  I o w a  p r o d u c e s  l e s s  i n  a  
m a r k e t  w i t h  a n  i n e l a s t i c  d e m a n d ,  t h e  r e s t  o f  t h e  c o u n t r y  w o u l d  g a i n  
f r o m  t h e  h i g h e r  p r i c e s  i f  p r o d u c t i o n  w e r e  r e t a i n e d  a t  p r e v i o u s  l e v e l s  o r  
i n c r e a s e d  s l i g h t l y .  A  r e d i s t r i b u t i o n  o f  i n c o m e  w o u l d  t a k e  p l a c e  w i t h  
s o i l  c o n s e r v e d  a n d  t h e  e n v i r o n m e n t  i m p r o v e d  t h r o u g h  i m p l e m e n t a t i o n  
i n  I o w a  a l o n e .  
I n c o m e ,  e x p e n d i t u r e  a n d  f a r m  l e v e l  p r i c e s  
W i t h  t h e  i m p o s i t i o n  o f  l i m i t s  o n  t h e  u s e  o f  n i t r o g e n  a n d  p e s t i c i d e s  
( A l t e r n a t i v e  E ) ,  a s  w e l l  a s  l i m i t s  o n  s o i l  l o s s ,  f a r m i n g  i n  I o w a  w o u l d  b e  
e v e n  l e s s  p r o f i t a b l e  r e l a t i v e  t o  t h e  r e s t  o f  t h e  c o u n t r y  ( T a b l e  6 ) .  T h e  c o s t  
o f  p r o d u c t i o n  o f  c r o p s  i n  I o w a  i n c r e a s e d  f r o m  $ 1 , 7 5 6  m i l l i o n  u n d e r  a  5  
T a b l e  6 .  T o t a l  c o s t s  o f  p r o d u c t i o n  a n d  n e t  i n c o m e  o f  I o w a  a n d  t h e  r e s t  
o f  t h e  c o u n t r y  u n d e r  a l t e r n a t i v e s  ( $  m i l l i o n ) .  
A l t e r n a t i v e  
I t e m  
A  B l  
8 2  
D  E  C  F  
I o w a  
C r o p  c o s t s  1 , 6 7 7  1 , 7 5 6  1 , 8 1 2  1 , 8 1 3  1 , 7 4 1  2 , 3 2 4  2 , 0 7 0  
L i v e s t o c k  c o s t s  4 , 4 5 9  4 , 7 2 7  4 , 0 5 0  4 , 3 7 8  4 , 7 2 7  3 , 1 6 2  3 , 2 7 4  
N e t  i n c o m e  2 , 0 1 9  1 , 9 6 4  1 , 8 9 0  1 , 9 1 3  1 , 8 8 2  5 , 3 1 1  5 , 2 6 6  
R e s t  o f  U . S .  
C r o p  c o s t s  1 8 , 0 0 5  1 7 , 9 0 6  1 7 , 8 9 2  1 7 , 9 4 4  1 7 , 9 2 1  2 6 , 0 2 6  2 6 , 3 0 8  
L i v e s t o c k  c o s t s  3 2 , 5 8 2  3 2 , 2 3 4  3 2 , 8 0 9  3 2 , 8 0 3  3 2 , 2 6 1  4 3 , 5 2 6  4 5 , 2 0 2  
N e t  i n c o m e  1 7 , 7 9 1  1 7 , 8 5 4  1 7 , 8 8 7  
1 8 , 4 6 1  1 7 , 9 4 7  4 3 , 5 5 2  4 8 , 1 3 9  
4
P r o c e e d i n g s  o f  t h e  I o w a  A c a d e m y  o f  S c i e n c e ,  V o l .  8 4  [ 1 9 7 7 ] ,  N o .  4 ,  A r t .  1 0
h t t p s : / / s c h o l a r w o r k s . u n i . e d u / p i a s / v o l 8 4 / i s s 4 / 1 0
AGRICULTURAL ECONOMICS IN low A 167 
ton soil loss limit to $ 1,81 3 million with a combined limit of 5 ton soil 
loss and a 100 lb . limit on the use of nitrogen. This increase resulted 
from an increase in other inputs such as labor and machinery substituted 
for nitrogen. 
High exports 
The expenditure on crops in Iowa would increase to $2 ,324 million 
with high exports and a 5 ton soil loss. Iowa net farm income would 
increase to $5,3 11 million or by $3,2 12 million as compared to Alterna-
tive A and its low export levels and lack of conservati on restrictions. At 
the same time, fa rm income in the rest of the country would increase to 
$43,522 million. In shifting from Alternative A to BI with a 5 ton soil 
loss, the increase in Iowa would be 163 percent compared to only 145 
percent in the rest of the country. In other words, Iowa has a compara-
ti ve advantage under increased grain export levels, even with a 5 ton 
soil loss restriction. But , this advantage would be partly lost with the 
addition of other envi ronmental restrictions. With the additional restric-
tions on the use of nitrogen fertilizer and pesticides, the fa rm income in 
Iowa would decline to $5 ,266 million under Alternative F, as compared 
to $5,3 11 million under C . Under high exports, the rest of the country 
would increase income from $43,552 million to $48 , 139 million as 
tight environmental controls are imposed on Iowa and not elsewhere in 
the nation. Compared to the normal export level and some level of 
environmental contro ls, the increase in the farm income in Iowa would 
be only 161 percent whereas the corresponding increase in the res t of 
the country would be 171 percent. Iowa would gain in net fa rm income 
under the higher exports, but by not as much as the rest of the country. 
D ECISION ON ENVIRONM ENTAL IMPROV EMENT 
Our analys is emphasized the economic outcome of land and en-
vironmental measures full y implemented by a single state . As illus-
trated in Table 6, farmers of the individual state, especially those on 
erosive soils, would pay the costs of the environmental improvement. 
Benefit s would accrue to the nation's consumer generally in improved 
environmental quality and to farmers elsewhere in the fo rm of higher 
income. An income redistributi on would take place with farmers of 
Iowa (in thi s case) sacrificing and consumers and other fa rmers enjoy-
ing the benefits. Sacrifice fa lling on the state's farmers could be 
handled in different ways: ( I) Society could decide that whil e farm 
income is reduced , the sector should bear the economic cost because it 
owns the land . (2) The state could pay an annual subsidy to the farmer 
equal to the amount of income he sacrificed as he shifts land use and 
farmin g systems to conform with land-environmental regulations. The 
income sacrificed frequently will much exceed the cost of applying soil 
conservancy practices for fa rmers who have to make large shifts in their 
operational system. (3 ) The environmental program can be applied on a 
national basis. Under this system, the income to be " restored" to the 
farmers of the particular state will be less (than if only this state applied 
the program ) but welfa re gains over all groups still may be guaranteed 
only if fa rmers who sacrifice in shifting to new systems are com-
pensated . These are issues yet to be decided as various combinations of 
state and federal regulations on land use and environmental practice 
might be legislated and implemented . 
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